ABSTRACT
INTRODUCTION
The importance of wastewater treatment is given by the decrease in water bodies' quality due to uncontrolled discharges. Depending on the type of pollutants in the influent and the discharge water body type, a multitude of processes are necessary in order to moot the legislation effluent loads (Cheremisinoff, 2001 ).
Sedimentation is a physical treatment process of wastewater used to separate suspended solids from water under the influence of gravity. The terms sedimentation and settling are used interchangeable, (Metcalf&Eddy, 2003) . In wastewater treatment plants sedimentation process takes place in the following facilities: a) grit chambers -for grit removal; b) primary sedimentation tanks -for removal of suspended solids; c) secondary sedimentation tanks -for floc removal, resulting from the biological treatment in the activated sludge bioreactor or the biofilm reactor; d) sludge thickeners -for solids concentration.
Settling tanks commonly used in wastewater treatment can be either rectangular or circular (Robescu et. al. 2001) . The wastewater enters the rectangular tank through different inlet systems, full-width inlet channels with inlet weirs, inlet channels with submerged orifices or inlet channels with wide gates and slotted baffles, (Metcalf and Eddy, 2003) . The inlet should be so designed as to provide a uniform distribution of water and solids in the settling tank. A submerged baffle is placed at the inlet area in order to reduce the high initial velocities and separate the turbulent inlet region from the laminar settling zone, to make the heavier particles settle down in the hopper and to shorten the altitude from which solid particles start settling, thereby increasing their removal rate of discrete particles, yet maintaining a convenient depth that permits the flocculent particles to continue their paths. The solids settling in the tank are scraped towards the hopper by one or more scraper blades suspended from the bridge that travels forward and backward the tank on the rubber wheels or on rails. In the case of secondary clarifiers the necessary method consists in continuously pumping in order to assure the biological substrate for the activated sludge process development (Ragsdale, 2015) .
The efficiency of the settling tank is affected by design and operational factors, and it can be easily evaluated before the construction phase by using CFD (Goula et. al. 2008) . Some of them are the eddy currents due to the non-uniform distribution at the wastewater inlet and outlet, baffle position, tank geometry, wind, density and thermal currents, inappropriate operation of raking equipment and sludge draw off. To avoid suspension of settled particles, horizontal velocity through the tank should be kept sufficiently low (Metcalf&Eddy, 2003) .
The use of in-class computer simulation has the aim of covering studies that are normally impractical or have a high cost. By this mean students can evaluate current design methods in wastewater treatment facilities and have the possibility for better understanding of the processes that lead in obtaining pure effluents. Early reports of using computer simulation in teaching had the aim of evaluating the topic understanding when compared to hands-on experiments in chemistry (Bourque and Carlson 1987) . The use of computer simulation in teaching laminar-flow reactors allows the students to explore the concepts taught during the theoretical and hands-on laboratory work, for it allows visualization of the flow phenomena (Madeira et. al. 2006 ).
In wastewater treatment, simulation was constantly used in learning, both in class and outside it due to its low cost and reduced duration when compared to practical evaluations (Morgenroth et. al. 2002) .There are previous studies that have been devoted to modeling flow field in the settling tank, some of them presented by (Robescu, 2012) . Shahrokhi et al., 2011 , investigated the effect of a baffle with different angles on the hydrodynamics of the flow field in a primary sedimentation tank by the application of a computational model. Goula et al, 2008 , studied the influence of a feed flow control baffle for the improvement of solids settling in a full-scale circular settling tank used for potable water. CFD modeling is used by Esping et al, 2012, to evaluate primary settling tank performance and a novel wet weather chemically enhanced high rate treatment tank configuration.
Computer simulation may play an important role due to the fact that they can be used with instructive or constructive pedagogy. By using this method the students have the opportunity of observing real world experiments, impossible to run in a laboratory (Sahin, 2006) . This paper presents the using of CFD techniques in teaching students the influence of the inlet baffle on the primary settling tank hydrodynamics. Different sizes and dimensions of the baffle are studied in order to highlight the optimum position that assure uniform flow in the settling area and prevent dead zones.
Using simulation software and applications in classes has proven to be a widely used and debated. Electronic Learning facilities were found to lead to extensive self-learning, fact that enhances student's knowledge and capacities (Parush and al., 2002) . Simulation is used at the moment as a learning tool in most of scientific and life fields-from health sciences (Harden, 2010) to management (McKone, 2003) starting with evaluating the possibility of replacing the traditional laboratory work with simulations of experiments (Moore and Thomas, 1983) .
Computational Fluid Dynamics is widely used in illustrating fluid properties and phenomena in hydrodynamics, mainly for Master's and Ph.D. students with the proper background in Hydraulics form Bachelor courses.
SIMULATION STUDY
The theoretical simulation study was conducted for a laboratory model of the real settling tank with the geometry shown on Fig.1 . The model is distorted in order to respect the hydrodynamics of a real settling tank -the depth and length were not reduced alike in order to maintain the velocity limit inside the clarifier of 10 mm/s. The simulation study has in view the following things that the students should be learned: the importance of the baffle, the influence of the baffle size and shape on the conditions and hydrodynamics of the settling area as well as the influence of the inlet wastewater velocity on the settling tank hydrodynamics.
More configurations were studied with and without a baffle. The laboratory setup is similar to the configuration shown in Fig. 1 . Experiments were carried out with students for an homogenous fluid (water) and different inflow values (between 90 and 500 ml/s). The velocity inside the tank was determined by dividing the inflow by the flow surface. Thus, an average value was identified in each case in order to evaluate if it complies the sedimentation velocity values range. A tracer was used to determine the fluid movement and it was permanently monitored. Results can be seen in Fig.2 . Hands-on experiment help students understand the basic principles of fluid flow in longitudinal clarifiers, the need for baffle, as well as its size and position importance. Having a laboratory model is useful to a limited extent, because modifying it to evaluate, for example, the baffle position turns out to be difficult.
Fig. 2. Fluid flow in the longitudinal clarifier -laboratory experiments
The students gather visual information during experimental work, but these kinds of experiments are, in most cases, time consuming (Morgenroth et. al. 2002) . Being familiar with modeling and simulation tools in wastewater treatment gives new opportunities for graduates to work in process design and optimization, as well as consultancy companies (Hug et. al. 2009 ).
The model was meshed in Gambit TM using an unstructured mesh. The computational fluid dynamics package FLUENT TM has been used to carry out the simulations. The solver used was a segregated solver as the flow is incompressible. A steady state laminar flow with absolute velocity formulation was considered. Some of the results are presented and commented below.
RESULTS AND DISCUSSIONS
The necessary steps before elaborating the practical simulation consist in elaborating the geometry and the domain mesh, as well as establishing the boundary conditions. A laminar flow and segregated solver were considered in all cases. The same type of influent as in the experimental setup was considered. The aim of evaluating the cases is to determine the baffle influence on the velocity profiles in the baffle area, while maintaining the same influent value.
The simulation case evaluated the fluid behavior for an influent velocity of 0.5 m/s. the velocity vectors colored by the velocity magnitude values are presented in Fig. 3 . This first configuration considers the tank doesn't have any baffle. The results obtained in the configuration without baffle can be seen in Fig. 3 . By using this representation the need for a baffle in the entrance area can be easily explained to students.
Fig. 3. Velocity vectors colored by the velocity magnitude values for the configuration without any baffle
The third case evaluated a different configuration, with a baffle depth of 0.13 m. The same conditions as in the previous one were considered and the results can be seen in Fig. 4 . As can be seen in Fig. 5 , for the baffle depth of 0.26 m below the water level, the water washes the hopper, thus not allowing the solids to settle, due to the vortex that occurs. The results indicate the need for either modifying the geometry or inflow value reduction.
The aim of using simulations in class is to have the students understand the importance of the baffle shape, size and placement on the water flow inside clarifiers and to be able to choose by means of modeling and simulation the optimal configuration.
The objectives can be acquired with Master's and PhD students that have graduated Environmental Engineering bachelor studies, and have focused on Wastewater treatment, Multiphasic fluids flow, Fluid dynamics. In this case they have the necessary background to understand and interpret the results obtained by using CFD. This way they are able to identify the flaws in the results that lead to poor solids retention and also to suggest the solution for improving the sedimentation efficiency by applying the knowledge gained in the wastewater treatment courses.
As can be seen in figure 3 the velocity in the clarifier is high and considering the high entrance point, the heavier particles settling near the baffle is not accentuated. Thus, by seeing the results, it's easy for students to draw the conclusion that the solids removal rate will be increased with a baffle near the inlet area. They are able to see the need to insert a structure that redirects the short-circuit currents in the clarifier that could lead to high solids contents in the effluent. There are multiple baffle configurations and potential placements and in this study the same position for the baffle is maintained while modifying its shape. In both cases that a baffle is provided at the inlet area, the settling conditions are improved, as can be observed in Fig. 4 and 5 when compared to Figure 3 . It can be seen that it separates the turbulent inlet region from the laminar settling zone and forces the heavier particles settle down in the hopper.
Velocity Vectors Colored By Velocity Magnitude (m/s) FLUENT 6.2 (2d, dp, segregated, lam) The inlet height provided by using the baffle in figure 4 may not be sufficient for heavy particle sedimentation in the hopper. That was the reason to have the students simulates the configuration presented in Figure 5 that gives a lower entrance point for the solids loaded wastewater.
Fig. 6. Velocity vectors colored by the velocity magnitude values for the 0.26 m baffle with the modified geometry
The aim of modifying the baffle shape, as is the presented case in Fig. 6 , is to obtain to reduced velocity values in the inflow area when compared to the results presented in Fig. 5 , thus reducing the possibility of baffle washout while maintaining a low inlet height. Multiple similar scenarios can be evaluated both in and outside the class in order to accentuate the students understanding of the hydrodynamic of wastewater treatment facilities. It leads to better understanding of the processes with low costs and in reduced time intervals.
This was only one of the many examples that can be analyzed, step by step, and it was conceived as being a two-hour class for Master's students that already have done experimental work on the existing laboratory model. This teaching technique allows intensive interaction between the involved parties and stimulates ideas exchange among students-they have the possibility to give solutions for practical problems based on their experience and they have the possibility to verify their assumptions.
CONCLUSIONS
In this paper CFD simulations were done in order to highlight the influence of the inlet baffle on the primary settling tank hydrodynamics. The importance of the baffle is shown and the importance of its size and shape is evaluated. Three cases have been studied and the resulted lead to a better understanding of its influence on the global fluid flow. It is obvious that the study cases can be extensively developed but the aim is to introduce an example that can be easily understood and replicated by students during a class or right after one. Thus their interest and skills will develop and a better understanding of processes can be achieved. 
